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Abstract. An important contribution to the gamma-ray emission of our Galaxy is the Galactic Diffuse emission. We present specific
developments within the PICARD code for modeling of Galactic cosmic ray propagation that are relevant for the computation of the
gamma-ray emission to accommodate a new Interstellar Radiation Field (ISRF) model. We study the differences of the individual
ISRF models on Galactic Diffuse gamma-ray emission predictions in the GeV to the TeV energy regime.
Emphasis was laid on obtaining robust predictions for observable signatures in the very high energy gamma-ray regime with
a special attention to the energy regime for H.E.S.S. Preliminary longitude-latitude profile and residuum maps of inverse Compton
emissions are shown for axisymmetric and four-arm spiral Galaxy models.
INTRODUCTION
The Galactic Diffuse emission is a prominent signature of gamma-emission in the regime above 100 MeV [1]. It is
produced via cosmic-ray interactions on the interstellar gas distribution and interstellar radiation fields (ISRF). One
of the recent extension to the PICARD code [2] is the implementation of a new ISRF, based on observational data
compiled by Tuffs and Popescu. The data of the ISRF model relates to two components: Starlight originating from
stellar populations, and scattered light by dust. Both components use a different frequency binning and resolution and
are dominant in different wavelength regimes, thus allowing us to generate a full frequency range spectrum ISRF for
the whole Milky-way by adding the contributions of the cosmic microwave background.
The use case of the new ISRF is to create all-sky gamma-ray flux predictions using the PICARD code. We present
the implementation details, the structure of the new ISRF including its spectral shape, and predictions in the inverse
Compton (IC) channel for the gamma-ray skymaps, where the most dominant features are to be expected. Additional
contributions are expected also in the intensities of gamma rays produced by Bremsstrahlung because of differences
in the electron distribution within the Galaxy, due to changes in the energy-loss rates of electrons.
Preliminary longitude and latitude profiles have been produced with the frequency binning of the ISRF model
and indicate differences for the inverse Compton gamma-ray flux at different energy regimes.
Structure of the ISRF
The ISRF we use in PICARD is given as an axisymmetric distribution at different frequencies. The frequency binning
is chosen to accurately resolve the most relevant features of the spectrum. The ISRF consists of two components:
Starlight from the stellar population (approximately 0.1 − 10 µm) and the light scattered by the dust in the Galaxy in
the range around 1 µm− 1mm. An additional component added within PICARD but not present in the compiled ISRF
model by Popescu and Tuffs is the cosmic microwave background (CMB), dominating the other components above
roughly 400 µm. An intensity spectrum of the different components is shown in figure 1.
We have data for the starlight component up to approximately 10 µm, but starlight is still the dominant part of the
ISRF up to 20 µm, where dust becomes the most prominent component. To extend the starlight component to higher
wavelengths we use the Rayleight-Taylor approximation.
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FIGURE 1. Energy spectrum of the different components in the ISRF at the Galactic center
Bν(ν,T ) =
2ν2
c2
kT (1)
This approach is valid, since we are far away from the UV regime.
We use extrapolation for the dust component in order to extend it to the starlight and CMB regimes. The dust
regime is defined for wavelengths between 1 µm and 5mm. Beyond this wavelength range the contribution of dust to
the total ISRF is dominated by starlight towards lower wavelengths and by the CMB towards higher wavelengths. For
wavelengths below 1 µm the energy density of the dust component is negligible compared to the starlight. The same
applies for the CMB-dominated regime above 400 − 800 µm, where the dust and starlight component are also at least
one order of magnitude below the CMB.
FIGURE 2. Starlight and dust component of the new ISRF at different (R, z) locations within the Galaxy
The starlight and dust components at different locations in the Galaxy are shown in figure 2. The transition from
UV to optical light of the stellar component at roughly 0.4 µm has a discontinuity at the (0, 0) coordinate and is smooth
outside of the Galactic center.
The starlight component is defined over 15 frequency bins while the dust component has 629 of them. The dust
component has much more frequency bins in order to resolve the given spectral features accurately (see figure 2).
In comparison to the GALPROP ISRF v3 [3], these spectral features are now available in a necessary accuracy
and resolution for upcoming simulations of cosmic-ray transport and the compuation of gamma-ray emission using
PICARD. For ease of comparison we use the same frequency binning as GALPROP v3 in order to compare the ISRF
at given frequencies. We expect additional deviations when using the full new frequency range.
PICARD - The simulation framework
The PICARD code consists of two successive parts: The propagation of cosmic rays and the computation of gamma-
ray emission [2].
The transport physics can be defined via a set of parameters. We have computed gamma-ray emissions for two
different models: One with an axisymmetric source distribution and one with a four-arm spiral Galaxy model [4, 5, 6].
The source distribution for the axisymmetric model is based on the radial distribution of pulsars within the Galaxy
by Yusifov and Ku¨cu¨k [7]. For a better comparison between the differences of the two ISRF models we use a 4-arm
spiral Galaxy source model where all parameters except the source distribution are the same as for the axisymmetric
model. This does not represent the comsic-ray fluxes at the position of Earth accurately, some propagation parameters
would need to be modified.
The output of the first step (Propagation) is a converged solution of the cosmic-ray densities of the different
species across the whole Galaxy. It is stored in HDF5 files, that can be used for individual analysis of the cosmic-ray
data or as input for the upcoming step: The computation of the gamma-ray emission, using the pre-calculated fluxes
of cosmic rays. The source distribution of cosmic rays within the Galaxy influences the converged solution of their
densities, and this is visible in the resulting gamma-ray emissions, especially in the Galactic plane, where spiral arm
tangents can be seen. There are three channels relevant for the production of gamma-rays: Decay of neutral pions,
Bremsstrahlung and inverse Compton scattering. The decay of netral pions (pi0) and Bremsstrahlung are computed via
the scattering of the ISM gas within the Galaxy. This means, that a new ISRF will not change those two production
channels directly. Indirectly, Bremsstrahlung is modified by a different ISRF, because the distribution of electrons in
the Galaxy change due to different energy loss processes. The only gamma-ray production channel used in PICARD
and directly influenced by the new ISRF is the inverse Compton scattering of leptons.
Predictions of the gamma-ray fluxes
Using the new ISRF we computed all-sky gamma-ray flux predictions for the different Galactic models: the axisym-
metric and the four-arm model. The chosen energies are 10 GeV, 1 TeV and 100 TeV. In the high TeV regime,
especially at 100 TeV, the assumption of a smooth cosmic-ray source distribution is questionable and may be replaced
in the future by a catalog of individual sources, once available. For the Galaxy we choose an axi-symmetric source
distribution and a four-arm spiral Galaxy model [4].
While the axi-symmetric distribution shows a smooth and symmetrical distribution as expected, the four-arm
spiral Galaxy models show additional details. One can find more morphological structures especially in the inner
Galaxy, where the spiral arm tangents can be seen. Furthermore the flux at higher latitudes is reduced, especially with
the new ISRF.
Figure 3 shows different gamma-ray fluxes at the following energies: 10 GeV (left), 1 TeV (middle) and 100 TeV
(right) for three different models: On top we have an axi-symmetric model, in the middle there is a four-arm spiral
Galaxy model [4] with the GALPROP v3 ISRF [3] and on the bottom we have a four-arm spiral Galaxy model with
new PICARD ISRF. For this work, the PICARD ISRF was downsampled to the same frequency bins as the GALPROP
v3 model. In the case of the four-arm spiral Galaxy model, the new ISRF reduces the intensity of the inverse Compton
emission outside of the Galactic center, especially for the MeV and the high GeV energies. In the Galactic center the
gamma-ray flux is higher when using the new ISRF model. Figure 6 shows all-sky relative residuum maps ( A−BA ) for
100 MeV, 100 GeV, 1 TeV and 100 TeV inverse Compton emission using a 4-arm spiral Galaxy model and compares
the GALPROP v3 ISRF (A) to the new ISRF (B).
With respect to the axisymmetric model, the gamma-ray emission of the four-arm spiral Galaxy model is more
constraint to the Galactic plane, and the spiral arm tangents become visible. They can also be identified in the latitude
profiles of the axisymmetric and of the four-arm spiral Galaxy model as shown in figure 4. The spiral arm tangents are
visible in the four-arm models with both ISRFs. At 1 TeV, the new ISRF decreases also the flux in the outer Galaxy
FIGURE 3. Predictions of IC channel of the gamma-ray fluxes at 10 GeV (left), 1 TeV (middle) and 100 TeV (right) for an axi-
symmetric model (top), a 4-arm spiral Galaxy model [4] with the GALPROP v3 radiation field [3] (middle) and a 4-arm spiral
Galaxy model with the new ISRF (bottom)
with respect to the same four-arm model but with the GALPROP v3 ISRF. This can be seen as well in the latitude
profiles of the different ISRF models, shown in figure 5. At 100 TeV, the inverse Compton component is narrower to
the galactic plane.
FIGURE 4. Latitude profile of an axisymmetric model with the GALPROP v3 ISRF (blue) and a four-arm spiral Galaxy model
with the new ISRF (green). The plots show the integrated energy density over the range of 10 GeV - 1 TeV.
Figure 5 shows preliminary central longitude and latitude profiles. The longitude profiles are computed as aver-
ages over the latidues from −5◦ to 5◦, the latitude profile as averages over the longitudes from −5◦ to 5◦ at different
energy ranges, over witch the integrated flux has been calculated. We can see that in general the GALPROP ISRF
FIGURE 5. Latitude (left) and longitude (right) profile plots for integrated energy densities from 100 MeV to 10 GeV (top) and 1
TeV to 100 TeV (bottom). Longitude and latitude profiles are averaged within 5 degrees from the center (|b| <= 5◦ and |l| <= 5◦).
The underlying model was the four-arm spiral Galaxy model with the GALPROP v3 ISRF (blue) and the new ISRF (green)
v3 yields the higher flux except for the Galactic bulge. This is visible for the longitude profiles, where the new ISRF
yields higher flux values only in the Galactic center, between the Norma and the Sagittarius tangents. Longitude and
latitude plots are done with the finer frequency binning mentioned before. We compare the two different ISRF on
the basis of the same underlying four-arm spiral Galaxy model, while in Figure 4 an axisymmetric model using the
GALPROP v3 ISRFs is compared to the four-arm spiral Galaxy model using the new ISRF. In comparison to the GAL-
PROP v3 ISRF we notice smaller gamma-ray fluxes except for the Galactic bulge, where our ISRF model increases
the flux. The morphology of the inverse Compton emission component is more structured as can be seen in figure 6,
where residuum maps of the IC component are shown for the above mentioned models. The largest differences in the
four-arm spiral Galaxy model between the GALPROP v3 ISRF and our new ISRF are in the Galactic bulge, where
our new ISRF yields significantly higher gamma-ray intensities. Although we can already see important differences
when applying a new ISRF, further minor deviations are to be expected due to the different frequency binning.
Summarising, the Galactic model has a greater influence on the gamma-ray emission maps than the new ISRF.
In the longitude profiles in Figure 4 we can identify the spiral arm tangents as significant morphological structure in
different energy regimes.
This finding is based on a global assessment, whereas studies on local discrepancies are still to be carried out.
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